Abstract -There are significant challenges to the design and construction of roads and highways worldwide. There are many contributors to these challenges, including weak subgrade soil. This paper investigates the potential to stabilise and improve the compaction and strength characteristics of a road base through infusion with a non-hazardous latex copolymer dispersion. Brunei Darussalam was selected as a case study for this research due to the abundance of soft clay and peat in a large part of the country. In recent years, major serviceability issues, including undulating pavement surfaces due to differential settlement, have emerged on several local roads and highways built on these weak grounds. Standard laboratory tests were conducted to evaluate the short-term improvement in engineering properties of the stabilised soil-aggregate mixture. Five cylindrical specimens were prepared in standard compaction molds with polymer contents of 0% (control), 0.5%, 0.75%, 1%, and 2% concentrations by mass. The particle size distribution of the soil-aggregate mixture was first determined using standard laboratory sieve analysis, before the compaction characteristics (i.e. optimum moisture content and maximum dry density) of each specimen was determined using Proctor compaction tests. Further specimens were prepared under their respective optimum moisture content to be tested using unconfined compression test. Results indicated that the maximum dry density of the subbase-polymer mixture decreases with increasing polymer content. Adding 0.5% polymer doubled the strength of control mixture in terms of unconfined compressive test results. However, increasing the polymer content beyond 0.5% did not significantly increase the compressive strength any further. This can help to produce guidelines for application of the polymer to achieve a cost effective design alternative that may improve surface conditions and ride quality of roads on weak subgrade soil.
Introduction
Most parts of Brunei Darussalam consisted of large deposits of soft clay and peat, resulting in soft and weak grounds. Flow of goods via heavy good vehicles usually involves the application of heavy traffic loads to pavement layers [1] . In recent years, major serviceability issues, including undulating pavement surfaces due to differential settlement, have emerged on several local roads and highways built on these weak grounds. Hence, road construction over these soils typically required costly foundations or soil replacements. Other economical solution to the problem is by stabilising the subgrade using inclusions such as lime, Portland cement or fly ash, to improve the stiffness and strength of weak subgrade. Studies show that stabilisation of weak or soft subgrade improves the strength properties and load carrying capacity. Consequently, it reduces excessive deformation and settlement of the layers above the stabilised or treated subgrade. These soil stabilisation methods typically involve changes in the soil properties, such as increasing unit weight, reducing permeability, and limiting volume changes. In recent years, there is a growing trend to replace the application of cement or other cementitious additives as soil stabilizers to a more eco-friendly material which is liquid polymer-based stabilizers [2] [3] . Polymer are especially suited for treating poorer quality soils particularly in areas where periodic flooding occurs. Several concerns were identified with the use of lime as soil stabilisers, i.e. lime carbonation, sulphate attack and carbon dioxide emission. Moreover, it was found that, soil treated with lime or calcium-base additives consisting soluble sulphate salt will cause the soils to experience distress, heaving and disintegration [4] . The use of "Class F" fly ash, on the other hand, requires as activator in the form of either lime or cement to form pozzolanic stabilised mixtures, as fly ash inherently is not a self-cementing material [5] [6] . One notable advantage of using liquid soil stabilizer is that it reduces the hazards associated with dust dispersion by powder form of soil stabilisers. One of the earliest reported applications of acrylic polymers as a soil stabilisers [7] concluded that the polymers have the potential to improve and stabilise soils economically. However, the pioneering research and experimental programme was not able to provide specific recommendations for general applications to soil stabilisations [7] . Several researchers have reported advances specific to the applications of polymer stabilisers to improve the performance of soils. An investigation into the use of polymer in silty-sand soils resulted in increased strength under both wet and dry conditions [8] . [9] stabilised the subbase and base layer of Jalan Tutong and Junjungan Road in Brunei Darussalam using polymer modified cementitious chemical binder. The rise in unconfined compressive strength of the stabilised layers ranged from 0.75 to 6.00 MPa.
T-PRO® 500 is a commercially available non-hazardous latex copolymer dispersion designed for soil stabilisation and dust suppression for a verity of soil types [10] . It has previously been found that the addition of T-PRO® 500 has significantly increased the strength and durability of polymer-modified mortars (PMMs) when compared with untreated PMMs [11] . Nevertheless, as polymer-based soil stabiliser has not been widely adopted in Brunei Darussalam, there is a need to demonstrate the benefits of replacing traditional soil. Stabilisation methods with polymeric materials, including their application to improve pavement performance, in road construction project. This paper investigates the potential to stabilise and improve the compaction and strength characteristics of a road subbase through infusion with a commercially available polymer, T-PRO® 500. In particular, the influence of varying the proportion of polymer in samples of laboratory-prepared clay-aggregates mixture is presented. The compaction properties are characterised by the optimum water content and maximum dry density, while the strength is characterised by the unconfined compression strength.
Material Properties

Clay
In this study, Kaolin grade KM40 was used and the properties are presented in Table 1 . 
Aggregate
Coarse and fine aggregates used in this study were obtained from various local sites and prepared in accordance with BS1377-2:1990:9.3. The coarse and fine aggregates were initially separated by sieving into the sizes of 20 mm, 14 mm, 10 mm, 5 mm, 3.35 mm, and 2.0 mm, 600 µm, 300 µm, 150 µm, 63 µm respectively. The aggregates size distribution is shown in Fig. 1 . In this study, the specifications for aggregate gradation were taken from [16] . ICGRE 160-3 
Polymer
T-PRO® 500, explained in Section 1, was used as a binder polymer for subbase layer material in this study. Table 2 shows the chemical properties of the binder. In the present study, the sample preparations and subsequent investigations followed the procedures of BS 1377-1: 2016. Coarse and fine aggregates, together with the clay powder, were prepared and proportioned according to the grading requirement, and thoroughly mixed before the required amount water was added to achieve a particular target water content. For samples treated with polymer, the dispersion was added to the aggregate and clay mixture together with water of the correct proportion to reach the target water content. Polymer of different contents; 0.5%, 0.75%, 1% and 2% were mixed with aggregate to evaluate the effect of polymer addition on the strength characteristics of the mixture.
Moisture content-dry density relationship of the mixture
The relationship between the water content and the dry density of specimen was determined in accordance with BS 1377-4: 1990: 3.3 using a standard proctor compaction test. Each mixture was compacted according to the section 3.3.4.1. Two small samples were extracted from each sample group, placed in a separate container and immediately transferred to an oven for the determination of its moisture content. Thus, optimum moisture content (OMC) and maximum dry density (MDD) were obtained from Figure 2. 
Unconfined compressive strength
The primary purpose of the UCS test is to determine the approximate compressive strength of mixtures in unconfined state. The tests were conducted on specimens compacted to MDD and OMC obtained from the Standard Proctor test. All the specimens for the UCS test were prepared according to BS 1377-1: 2016. The specimens were removed from the mould using a sample extruder and subsequently cured for 3 and 7 days in the moist room at 25⁰C. Two specimens of each group mixture were prepared in the manner described in BS 1377-1. Each specimen was subjected to UCS test once the designated curing period was complete.
The UCS of each specimen was determined using a compressive strength testing machine according to BS 1377-7: 1990: 7.2. The load was applied to each specimen at a constant rate of 0.01 MPa/s. Each specimen was compressed until it collapsed.
Results and discussion
Effect on the compatibility
The test results of standard proctor tests are presented in Table 3 , and the compaction curves are shown in Fig. 2 . It is found that the MDDs were decreased and OMCs were increased with the addition of polymer. The dry density value decreased from 2.17 Mg/m 3 to 2.01 Mg/m 3 and the OMC was increased from 7.2% to 10% with the addition of 2% polymer by dry weight of soil mixture. Fig. 3 shows the influence of polymer content on MDD. The reduction in MDDs with the addition of polymer can be attributed to the reduction of average unit weights of solids in the soil mixture. 
Effect on the compressive strength
The UCS results for samples at various polymer contents cured for 3 and 7 days is presented on Table 4 . It was observed that there is no significant gain in strength between the unstabilised control specimen and the 0.5% stabilized specimen for 0 hr curing time as polymerisation has not yet occurred and moisture has not yet evaporated. In addition, as shown in Figure  4 , curing time affect the UCS of the stabilised specimens. The UCS for specimens cured for 7 days shows increased in strength when compared to specimens cured for 3 days. For 0.5%, 0.75%, 1% and 2% polymer contents, the results in Table  4 indicated that the compressive strength obtained after curing for 3 days increased by approximately 89%, 109%, 83%, and 54%, respectively. Whereas for 0.5%, 0.75%, 1% and 2% polymer contents, the results in Table 4 indicated that the compressive strength obtained after curing for 7 days increased respectively by 94%, 123%, 120%, and 100%. Polymer infusion improved the polymer-stabilized specimen properties due to the vaporization process of water as a result of chemical interaction that took place between the polymer and other aggregate particles in the mixture [12] , [13] , [14] and [15] . From the curves shown in Figure 5 , it shows that the 0.75% stabilized specimen reaches the highest compressive strength value for 3 days and 7 days curing time than the other stabilized specimens in this study (0.5%, 1% and 2%). The 0.75% stabilized specimen showing a two-fold increase in strength after 3 days curing compared to the strength for 0 day of curing. However, at concentrations higher than 0.75%, the UCS decreased with increasing polymer content, due to the higher water content of polymer which might have led to a decrease in the MDD and strength of the mixture. This agrees with the rise range in UCS of stabilised road layers by [9] , as shown earlier in Section 1. 
Conclusion
The short-term improvement in engineering properties of the stabilised subbase road layer in this study was evaluated via standard proctor compaction and UCS tests. With respect to compaction, adding polymer to the mixtures increased MC however decreased MDD. The UCS of specimen was improved significantly with the addition of the 0.5% polymer content compared to the control specimen (0% polymer content). However, the UCS decreased when polymer content exceeded 0.75%. Specimen prepared with 0.75% polymer content exhibited the highest strength obtained in this study, thus recommended as the optimum content of polymer in the pavement subbase layer. The results of this study also indicated that the UCS was improved by increasing the curing time to 7 days. Hence, the preliminary findings of this paper indicate that the polymer employed in this study can stabilise subbase layers of similar properties to those of this paper's subbase layer.
